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under Article ! 4 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 



□ 



the international application as originally filed 
the description, pages 1-11 



the claims. 



pages 
pages 
pages 

Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



, as originally filed, 
, filed with the demand, 
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, filed with the letter of 



1-15 
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, filed with the letter of 15,06. 1999 
, filed with the letter of 



□ 



the drawings. 



sheets/fig 
Gho e ta /fig 

sheets/fig 



, as originally filed, 
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, filed with the letter of 
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I j the description, pages 

j I the claims, Nos. 

j I the drawings, sbeets/fig 



I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
* ' ' beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)), 



4. Additional observations, if necessary: 
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V. Re$oned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability-; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 



Claims 3-4 and 13-14 

Claims 1 fi-R , Q. 1 0-1 ? . 1 S 



YES 
NO 



Inventive step (IS) Claims YES 

Claims 1-15 NO 

Industrial applicability (lA) Claims 1-15 YES 

Claims NO 



2. Citations and explanations 

This statement is based on the amended claims filed with the 
letter of 15 June 1999. 

The claimed invention according to the amended claim 1 relates 
to a refrigerant composition comprising a chlorine-free 
hydrof luorocarbon refrigerant and, mixed therewith, a 
lubricant containing a polyol ester that comprises a mixture 
of an ester of 3-hydroxy-2, 2-dimethyl-propyl-3-hydroxy-2 , 2- 
dimethylpropionate (HPHP) and an ester of another polyol. The 
invention also relates to a complex ester of 3-hydroxy-2, 2- 
dimethyl-propyl-3-hydroxy-2, 2-dimethylpropionate which 

contains residues of both mono- and dibasic carboxylic acids 
and the use of the complex ester in lubricants. 

The following most relevant documents are cited in the search 
report : 

a) US 5374366 (in the first search report given as STN 
International, File CAPLUS, CAPLUS accession no. 1993:674910, 
Sanken Kako Kk: "Synthetic ester lubricating oils"; JP, A2, 
05179267, 930720) 

b) STN International, File CAPLUS, CAPLUS accession no, 
1995:951741, Sanken Kako Kk: "Compositions for refrigerator 
working fluids"; JP 07216372 A2 

c) File WPI, NIPPON OILS & FATS CO LTD: "Tert. fatty acid 
ester for lubricating oils - obtd. from tert. fatty acid and 
2, 2,-di: methyl-3-hydroxypropyl 2, 2^-di: me thyl-3 ^ -hydroxy : 
propionate for good oxidn. stability; JP 4164046 A 
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(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V . 

a) relates to a synthetic lubricating oil, which is 
particulary miscible with hydrogen-containing fluoroalkane 
refrigerants, for example HFC-134, HFC-134a, HFC-143 or HFC- 
143a (see column 5, lines 24-32) and therefore can be used as 
a refrigerating machine oil (see column 1, lines 53-55) . 
According to claim 14 in a) the lubricating oil comprises the 
esterif ication product of a hydroxycarboxylic acid polyol 
ester (A) , at least one aliphatic monocarboxylic acid (B) , an 
aliphatic carboxylic acid having two or more carboxyl groups 
(C) and an aliphatic polyhydric alcohol = polyol (D) . A may be 
3-hydroxy-2 , 2-dimethyl-propyl-3-hydroxy-2 , 2- 

dimethylpropionate = hydroxypivalic acid neopentyl glycol 
monoester = HPHP (see particulary claiml9) • According to 
example 10 in a) HPHP (1 mole) is mixed and reacted with 
succinic acid (1 mole), neopentyl glycol (1 mole), 2- 
ethylhexanoic acid (1 mole) and caproic acid (1 mole) in the 
prescence of a catalyst. Therefore, at least some part of the 
invention claimed in claim 1, namely when the polyol ester 
comprises a mixture of an ester of HPHP and a polyol ester of 
neopentylglycol, lacks novelty- 
Several polyols (= polyhydric alcohols) are proposed in a) 
(see particulary claims 14-15 and 18-19) . It is considered to 
be obvious for a person skilled in the art to use other 
polyols than neopentylglycol in the mixture- Therefore, the 
remaining part of claim 1 is not considered to involve an 
inventive step. 

In view of example 10 in a) also the invention claimed in 
claims 2 and 5-8 lacks novelty. As mentioned above the known 
lubricating oil can be used with for example HFC-134, HFC- 
134a, HFC-143 or HFC-143a (see column 5, lines 24-32) and 
therefore can be used as a refrigerating machine oil (see 
column 1, lines 53-55) • Therefore, also the invention claimed 
in claim 9 lacks novelty. 

Furthermore, according to for example examples 6, 7 and 8 in 
a) HPHP is reacted with different amounts of 3,5,5- 
trimethylhexanoic acid and adipic acid, the molar ratio 
between the mono- and dibasic acids being within the claimed 
range according to claim 10 in the present application. 
Therefore, also the invention claimed in claims 10-12 and 15 
lacks novelty. 
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Continuation of: V . 

The subject matter of the remaining claims, namely claims 3-4 
and 13-14, has not been shown to" involve anything but obvious 
matter to a person skilled in the art in view of the examples 
in a) . Therefore, the invention claimed in claims 3-4 and 13- 
14 is not considered to involve an inventive step. 



b) also relates to compositions for refrigerator working 
fluids consisting of ester compounds of hydroxycarboxylic 
acids polyol esters, aliphatic monocarboxylic acids, and 
optionally aliphatic polycarboxylic acids or aliphatic 
polycarboxylic acids and aliphatic polyvalent alcohols as 
refrigerator oils and hydrof luorocarbons as refrigerants. 
Preferably, the hydroxycarboxylic acid polyol esters are 
hydroxycarboxylic acid alkylene glycol esters (e.g., 3- 
hydroxy-2, 2-dimethylpropyl-3-hydroxy-2, 2-dimethylpropionic 
acid ester) • b) is an abstract and thus not as detailed as a) . 
It is considered to be of particular relevance as the exact 
ester and its use as a lubricant is given. Therefore, the 
claims are considered to lack the same requirements as in view 
of a) . 

c) (which is also an abstract) relates to tertiary fatty acid 
esters for lubricating oils, which are obtained from a mixture 
of tertiary fatty acids and dibasic acids (component 1) and 2, 
2, -dimethyl- 3-hydroxypropyl-2, 2-dimethyl-3-hydroxypropionate 
(component 2) . The esters are appropriate as base oils for 
lubricating oils. However, c) does not relate to mixtures of 
esters of HPHP and other polyol esters. This document only 
discloses the general state of the . art, which is not 
considered to be of particular relevance. 

Claim 13 would be connected to any of claims 10 to 12 instead 
of any of claims 16 to 19. 
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Claims: 

1 . Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 

5 the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate and 

- an ester of trimethylol propane, trimethylol ethane, pentaerythritol or 2,2,4- 
trimethylpentadiol, the amount of the 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy- 

2.2- dimethylpropionate being at least 50 mol-% of the polyol residue of the ester 
1 0 mixture, 

- an ester of 2-butyl-2-ethy 1-1, 3 -propanediol, the molar ratio of the 2-butyl-2-ethyl- 

1.3 - propanediol and the 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2- 
dimethylpropionate being 5:95 - 99:1, or 

- a polyol ester of neopentylglycol, 2-ethyl-l,3-hexanediol or 1 ,4-dimethylol- 
1 5 cyclohexane. 

2. The refrigerant composition according to claim 1, wherein the polyol ester mixture is 
prepared in situ, 

20 3. The refrigerant composition according to clam 1 or claim2, wherein the carboxylic acid 
residue of the polyol ester is derived from a linear or branched C4,..C,8-carboxylic acid, or 
an anhydrides thereof, or it is derived from a mixture of linear or branched C4...C,8-car- 
boxylic acids or anhydrides thereof. 

25 4. The refrigerant composition according to claim 3, wherein the carboxylic acid residue is 
derived from 2-ethylhexanoic acid, heptanoic acid, octanoic acid and/or lauric acid. 

5. The refrigerant composition according to claim 1, wherein the carboxylic acid residue of 
the ester is derived from a mixture of mono- and dibasic carboxylic acids. 

30 

6. The refrigerant composition according to claim 5, wherein the monobasic carboxylic 
acid residue is derived from linear or branched C4...Ci8-carboxylic acids or anhydrides or 
mixtures thereof. 

35 7. The refrigerant composition according to claim 5 or claim 6, wherein the dibasic 

carboxylic acid residue is derived from oxalic acid, malonic acid, dimethylmalonic acid. 
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succinic acid, giutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic 
acid, or a cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or 
trimellitic anhydride. 

5 8. The refrigerant composition according to any of claims 5 to 7, wherein the molar ratio 
between the mono- and dibasic carboxylic acids is 50:50 to 95:5. 

9. The refrigerant composition according to any of the preceding claims, wherein the 
fluorinated hydrocarbon based refrigerant is hydro fluorocarbon 134, hydro fluorocarbon 

10 134a, hydrofluorocarbon 143, hydrofluorocarbon 143a, hydrofluorocarbon 152 or 
hydrofluorocarbon 152a or a mixture of hydrofluorocarbons. 

10. Complex esters of 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2-dimethylpropionate 
which contain residues of both mono- and dibasic carboxylic acids, the molar ratio between 

15 the mono- and dibasic carboxylic acid residues in the ester being 50:50 to 95:5. 

11. The complex esters according to claim 10, wherein the monobasic carboxylic acid 
residues are derived from linear or branched C4...C,8-carboxylic acids or anhydrides or 
mixtures thereof. 

20 

12. The complex esters according to claim 10 or claim 11, wherein the dibasic carboxylic 
acid residues are derived from oxalic acid, malonic acid, dimethyl malonic acid, succinic 
acid, giutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic acid, or a 
cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or trimellitic 

25 anhydride. 

13. The complex esters according to any of claims 16 to 19, mixed with esters and/or 
complex esters of another polyol. 

30 14. The complex esters according to claim 13, wherein the esters are in a mixture of esters 
and/or complex esters of NPG or BEPD. 

15. The use of an ester according to any of claims 10 to 14 as base oils for lubricants. 
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Claims: 

1 . Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, charaterized in that the 
polyol ester comprises essentially totally an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate. 



2. The refrigerant composition according to claim 1 , wherein the polyol ester is to more 
than 95 mol-% constituted by an ester of 3-hydroxy-2,2-dimethylpropyl-3-hydroxy-2^- 

10 dimethylpropionate. 

3. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-p^opyl-3- 
15 hydroxy-2,2-dimethylpropionate and an ester of trimethylol propane, trimethylol ethane, 

pentaerythritol or 2,2,4-trimethylpentadiol. 

4. The refrigerant composition according to claim 3, wherein the molar ratio of the 3- 
hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2-dimethylpropionate is 50 to 100 %. 

20 

5. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, ndxed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate and an ester of 2-butyl-2-ethyl-l,3-propanediol. 

25 

6. The refrigerant composition according to claim 5, wherein the molar ratio of the 2-butyl- 
2-ethyl- 1 ,3 -propanediol and the 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2- 
dimethylpropionate is 5:95 - 99:1 . 

30 7. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate and a polyol ester of neopentylglycol, 2-ethyl-l,3- 
hexanediol or 1 ,4-dimethylol-cyclohexane. 

35 



8, The refrigerant composition according to any of claims 3 to 7,. wherein the polyol ester 
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mixture is prepared in situ. 

9. The refrigerant composition according to any of the preceding claims, wherem 

the carboxylic acid residue of the polyol ester is derived from a linear or branched C4...C,8- 
carboxylic acid, or an anhydrides thereof, or it is derived from a mixture of linear or 
branched C4,..C,8-carboxylic acids or anhydrides thereof. 

10. The refrigerant composition according to claim 9, wherein the carboxylic acid residue 
is derived from 2-ethylhexanoic acid, heptanoic acid, octanoic acid and/or lauric acid. 

11. The refrigerant composition according to claim 1, wherein the carboxylic acid r-esidue 
of the ester is derived from a mixture of mono- and dibasic carboxylic acids. 

12. The refrigerant composition according to claim 11, wherein the monobasic carboxylic 
acid residue is derived from linear or branched C4...C,8-carboxylic acids or anhydrides or 
mixtures thereof. 

13. The refrigerant composition according to claim 1 1 or claim 12, wherein the dibasic 
carboxylic acid residue is derived from oxalic acid, malonic acid, dimethylmalonic acid, 
succinic acid, glutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic 
acid, or a cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or 
trimellitic anhydride. 

14. The refrigerant composition according to any of claims 1 1 to 13, wherein the molar 
ratio between the mono- and dibasic carboxylic acids is 50:50 to 95:5. 

15. The refrigerant composition according to any of the preceding claims, wherein the 
fluorinated hydrocarbon based refrigerant is hydrofluorocarbon 134, hydrofluorocarbon 
134a, hydrofluorocarbon 143, hydrofluorocarbon 143a, hydrofluorocarbon 152 or 
hydrofluorocarbon 1 52a or a mixture of hydrofluorocarbons. 

16. Complex esters of 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2-dimethylpropionate 
which contain residues of both mono- and dibasic carboxylic acids. 

17. The complex esters according to claim 16, wherein the monobasic carboxylic acid 
residues are derived from linear or branched Q.-Cig-carboxylic acids or anhydrides or 
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. mixtures thereof. 

18. The complex esters according to claim 16 or claim 17, wherein the dibasic carboxyiic 
acid residues are derived from oxalic acid, maionic acid, dimethyl malonic acid, succinic 

5 acid, glutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic acid, or a 
cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or trimellitic 
anhydride. 

19. The complex esters according to any of claims 16 to 18, wherein the molar ratio 
10 between the mono- and dibasic carboxyiic acid residues in the ester is 50:50 to 95:5. 

20. The complex esters according to any of claims 16 to 19, which are mixed with esters 
and/or complex esters of another polyol. 

15 21 , The complex esters according to claim 20, wherein the esters are in a mixture of esters 
and/or complex esters of NPG or BEPD. 

22. The use of an ester according to any of claims 16 to 21 as base oils for lubricants. 
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B^uS^ap^ia'nmnLe. country) <tfresu^ 

KOSKDynES, Salme 
Hameenapajantie 7 
FIN-00850 Helsinlci 
Finland 


This person is: 

I 1 applicant only 

1 X| applicant and inventor 

1 1 inventor only (ff this check-box 
"—J is marked, do not fill in below.) 


State (Le. country) of nationaUty: 1 State (Le. coun^} ot resioence: 

Finland 1 Finl2r-d 




' United States r~l the States indicated in 
America only | | the Supplemental Box 


^IrS^^pLciSu^Smn^ country) of residence if no State of residence is udxcated below.) 


This person is: 
[ 1 applicant only 

1 ] applicani and inventor 

1 1 inventor only (If this check-box 
' is marked, do not fill in below,) 


Smcde. country) f nationaUty: j State (l*. eounrry; of rcsiOence: 




j ] Further appUcanis and/or (fimh») invaitors arc indicated on another continuation sheeL 
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Eurasian Patent: AM Armenia. AZ Azerbaijan. BY Belarus. KG Kyrgyzstaa. ^^^^''^f^ ^^^y^^^ 
JuRiLi^edeiation. TJ Tajikistan, TM Turkmenistan, and any other State which is a Comracnng State 
of the Eurasian Patent Convention and of the PCT ^-r*^ ^ 

Convention and of the per ^.t • r^mr- 

SfiStrnSSSSApfi^Contracting State of 
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Bosnia and Herzegovina 
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Check-boxes reserved for designating States (for *e pigopo o^ 



Kazakhstan anatio'nal oaient) which have become party to the PCT after 

fV4it4uiaw issuance of this sheet: 
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LR 
LS 



Saint Luda 
Sri Lanka 
Liberia 
Lesoth 
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□ 



In addition to the designationsmade ab ve, the applicant also makes under Ru le 4.9(b) all designations which wo^ 



fees, Confimamnmuxtraichth e receiving Ojjice within tht n-month time iimiL I 
Form PCT/RO/lOl ^second sheet) (January 1998) 



See Notts to the request form 
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Box N . VI PRIORITY CLAIM 



Further priority claims are indicated in the Supplemental Box 

□ 



The priority of the following earlier application(s) is hereby claimed: 



Country 
(in whick or for whicK the 
application was filed) 



Filing Date 
(day/month/year) 



Application No. 



OfBcc of filing 
(only for regional or 
international application) 



item (I) 

Finland 



11 i^ril 1997 



971548 



item (2) 



Finland 



11 April 1997 



971549 



item (3) 

Finland 



31 March 1998 



980730 



Mark the following cH^ck-box if the certified copy oftheearlUr appUcmion is to be is^ ty tiu Office ^hich for tHe purposes oftHepreseni imematicnal 
appUcaaon is the receiving Office (a fee may be required}: . , o 

i — \ The receivine Office is hereby requested to prepare and transmit to the International {^ , 6) 
lU BiS^^fi^copy of the^earfier application(s) identified above as item(s) : 



BoxNo-Vn INTERNATIONAL SEARCHING AUraORTTY 



Country (or regional Office): Date (day/monsh/year): Numben 



BoxNo.Vin CHECKLIST 



This iniemanonal application contains 
the following number of sheets: 



1. request 

2. description 

3. claims 

4. abstraa 

5. drawings 

Total 



4 
11 

3 
1 



sheets 
sheets 
sheets 
sheets 
sheets 



1 9 sheets 



This international application is accompanied by the item(s) mariced below: 

5. |x I fee calculation sheet 

, p-n separate indications concerning 
I t deposited microorganisms 

_ I — I nucleotide and/or amino acid 
I I sequence listing (diskette) 

8. \ X I other fj/?cci6'): copies of 
official actions 



1 I — I separate sig 
■ I 1 power of attorney 

^ 1—1 copy of general 
^- I I power of attorney 

^ I — I statement explaining 
I I lack of signature 

A I — I priority document(s) 

^' I I identified in Box No. VI 

as items): 



Rgure No. . 



of the drawings (if any) should accompany the abstract when it is published. 



Box No. DC SIGNATURE OF APPLICANT OR AGENT 



l^ext to each signoiure, indicate the name of ike penan signing and the capacity in which the person signs (if such capacity is net obvious from reading the re. 

Seppo Laine (>£ 

For the i^licants 

Christof f er Stindman 



For receiving Office use only 



1 . Date of actual receipt of the purported 
international application: 



3 Corrected date of acmal receipt due to later but 
timely received papers or drawings completing 
the purported intemati nal applicanon: 



4. Date of tiincly receipt of the require^ 
corrections under PCT Article 1 1(2): 



5. IntOTiational Searching Authority tpa / 
specified by the applicant: ' 



6. I — I Transmittal of search copy delayed 
I I until seaucfa fee is paid 



2. Drawings: 
j I received: 

I I n I received: 



Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only 
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The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



For receivirig Office use only 



International Applicatio n No. PGT/FI 9 8 / 0 0 3 2 9 



International Rling Date 
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Th3 Finnish Fatevit Office 
PCT International Application 

Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) IJEST 74 PCT 



B X No. I TITLE OF INVENTION polyol and 

particular. 


caiiplex esters for use with, in 
f luorinated refrigerants 


Box No. n APPLICANT 


Name and address: (Famity namefoUowed by grven name; for a legal entity, fid! offidaldesigpaxup, 
TTif <T^//ri>cT murt inr-luA^ postal CD& and TMsmt of couittTy. ute coiuixry <n the address mdxc^ 
Box is the applicant's State (Le, coimtry) of residence if no State of residence is indicated below.) 

NESTE OY 
Keilaniemi 
FIN-02150 Espoo 
Finland 


1 I This person is also inventor. 


Telephone No. 


Facsimile No. 


Teleprinter No. 


State (Le. country) of nationality: 
Finland 


State (i.e. country) of residence: 
Finland 


This person is applicant | 1 aU designarrrt aU designated States except | 1 the United States 1 | the States indicated in 

for the puipos^ 0^^ I | states ULI the UniadStotes of Amenca | | of America only | | the Supplemental Box 


B X No. m FURTHER APPUCANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family name followed by given name; for a legal entity, full ofpaal desimoEtitm. 
Th^ (T^i^r^v^ miLrt inr'bLl^ poftal gflA and name of country. The couiary (rf the address mdiaoea in this 
Box is the applicant's State (Le. country) cf residence tfno State of residence is indicated below.) 

KOISTINEN, Jari 
Laninujimutka 2 C 14 
FIN-40520 Jyvaskyla 
Finland 


This person is: 

1 1 applicant only 

1 x| applicant and inventor 

1 1 inventor only (ff this check-box 
' ' is marked, do not fill in below.) 


State (Le. country) of nationality: 
Finland 


State (Le. country) of residence: 
Finland 


This person is applicant r~l ail designated I"! ail designated States except fTTl die United States ( 1 the States indicated in 
for the purposes of- 1 1 States 1 1 the United States of Amenca L5J of America only 1 1 the Supplemental Box 


1 X| Further applicants and/or (further) inventors are indicated on a continuation sheet 


B X No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is h«eby/has been appointed to act on bdialf nn agent 1 1 common representative 
of the applicant(s) before the competent International Authorities as: 1 — 1 ° 1 — 1 


Name and address: (Family name followed bygivenname; for a legal entity, fidlMdal designation. 
The address must include postal code and name <tf country.) 

LAJNE, Seppo; SUNDMAN, Christoffer; 
LIPSANEN, Jari; E(J71, Siito; and 
KNUTO-LEHTOLA, Sisko 
of SEPPO LAINE OY 

loiruirotinkatu 19 A 
FIN-00120 Helsinki, Finland 


Telephone No. 

+358-9-69 32 600' 


Facsimile No. 

+358-9-69 32 910 


Teleprinter No. 


1 — 1 Mark this check-box where no agent or common repTKcntativc is/has been appointed and the space above is used instead to 
1 1 indicate a special address to which conespondence should be sent. 
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If none of the following sub-boxes is used, this sheet is not to be included in the request 


Name and address: (Farmty mune followed bygrven name; for a legal ennry, M official 
m^^l^^lude poJtal code and name country p the addre^ mdxc^ 
Box is the applicant's StJeJle. country) of residence if no State of residence is uutcated below.) 

RISSANE3SI, Kari 
Hankamaentie 13 
FIN-41520 Hankasalmi 
Finland 


This person is: 

1 1 applicant only 

1 X 1 applicant and inventor 

1 1 inventor only (if this check-box 
* is marked, do not fill m below.) 


State (Le, country) of nationality: 
Finland 


State (Le. country) of residence: 
Finland 


This Dcrson is aoplicant l 1 aU designated | 1 aU designated States except (—1 the United States | 1 the States indicted in 

for th^irpos^ of? □ S^^^^ 1 1 the United States of AmSca [Xj of Amenca only | | the Supplemental Box 


Name and address: (Family name followed by gtven name: for a legal entity, fuU offidal deasiamm. 
me^^mustincludepo^codeandnamef country. The country of the address mdia^ 
Box is the applicant's StcSeiie. country) of reside if no State qfresuience is indicated below.) 

SILVFNNOnsiEN, Laura 
Kilpisenkatu 16 A 20 
FIN-40100 Jyvaskvla 
Finland 


This person is: 

I I applicant only 

[X 1 applicant and inventor 

1 1 inventor only (If this check-box 
' ' is marked do not fill in below.) 


State (Le. country) of nationality: 

Finland 


State (Le. country) of residence: 
Finland 


This person is appUcant l 1 aU designated | 1 ^ designated StatM except rTT] the 

for the purpos^of: 1 i States I 1 the United States of Amenca liU of i 


United States f~1 the States indicated in 
America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a Ugal emity, fidl official de^msdon. 
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Box is the applicant's StaS(i,e. country) of residence if no State of resuience is indtcaud below.) 

KOSKIMIES, Salite 
Hameenapajantie 7 
FIN-00850 Helsinki 
Finland 


This person is: 

1 1 applicant only 

[ X 1 applicant and inventor 

1 1 inventor only (If this check-box 
*— * If marked do not fill in below.) 


State (Le. country) of nationality: 
Finland 


State (Le, country) of residence: 
Finl=*nd 




Name and address: (Family name followed by gtven name; for a Ugal cnmy, fidl offidaldesiatadm. 
The address must include poial code and narnel^coun^. Vui country of the addreamd^^ 
Box is the applicant's Stme(Le. country) of residence if no State <tf resuience is indicated below.) 


This person is: 

1 1 applicant only 

1 1 applicant and inventor 

1 j inventor only (If this- check-box 
^"•^ is marked do not fill in below.) 


State (Le. country) f nationality: 


State (Le. country) of residence: 
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feel ConfinruaionmustreachthereceivingOfflcewahintheiS'monihtimelm^ 

^ ' ^ See Notes to the request form 



Sheet No. 



PCT/ 38/00329 



Box No. VI PRIORITY CLAIM 



Further priority claims are indicated in the Supplemental Box | | 



The priority of the following earlier application(s) is hereby claimed: 



Country 
(in whicK or for whick the 
application was filed) 



item(l) 

Finland 



Filing Date 
{day /month/year) 



11 April 1997 



Application No. 



971548 



Office of filing 
(only for regional or 
international application) 



item (2) 

Finland 



11 April 1997 



971549 



item (3) 

Finland 



31 March 1998 



980730 



Mark the foUawing check-box if the certified copy of the earUer application is to be issued by the Office which for the purposes of the presem iniemaiiomd 
application is the receiving Office (a fee may be required): 

m The receivine Office is hereby requested to prepare and transmit to the International ( 1 , 2, 3) 

S BiS^S^fie^^copy of the^eSier applic&oS(s) identified above as item(s) : 



BxNo.Vn INTERNATIONAL SEARCHING AUTHORITY 



Choiceof International Searching Authority (ISA) f//fti^oarma«//iren^ . 

areVo^tent to carry out the international search, indicate the Authority chosen; the two-letter code may be used): lb A 

EarUer search FiU in where a search (intemationaL imemational'type or other) by the International Searching Authority has already been carried 
moZ^^^t^th^AiS^ri^ is now requested to base the international searcK to the extent possible, on the results of that eariter search. Ident^ 
s^^secS^or r^^ tfreference to the relevant application (or the translation thereof) or by reference to the search request 
Country (or regional Office): Date (day/month/year): Number. 



B xNo-Vm CHECK LIST 



This international application contains 
the following number of sheets: 
4 



1. request 

2. description 

3. claims 

4. abstract 

5. drawings 

Total 



11 



sheets 
sheets 
3 sheets 
1 sheets 
— sheets 



1 9 sheets 



This international application is accompanied by the item(s) marked below: 
' 5. |x I fee calculation sheet 



^ I — I separate signed 
I I power of attorney 

7 |~| copy of general 
^' I 1 power of attorney 

3 (—1 statement explaining 
I I lack of signaiure 

A { — I priority document(s) 

I I identified in Box No. VI 

as item(s): 



, 1—1 separate indications concerning 
I I deposited microorganisms 

I — I nucleotide and/or amino acid 
1 I sequence listing (diskette) 

8. [x] other r^pcci/y): copies of 
official actions 



Figure No. 



of the drawings (if any) should accompany the abstract when it is published- 



Box No, IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the na me of the person signing and the capacity in which the person signs (if such capacity is nat obvious from reading the request). 

Seppo Laine Oy 

-01^ Ct 



For the i^licants 



Christoffer Suncarnan 





Pn^^SiplSSdo^i**^"^"^ ^ APR 1998 (l 4 -04- ms) 


2, Drawings: 
I 1 received: 

[ ^ not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 

the purported international application: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 1 (2): 


5. International Searching Authority tqa / C-C 


6. r~l Transmittal of search copy delayed 
i ' until search fee is paid 



Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only 

0^ MAY 1998 



See Notes to the request form 
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1 

Ktenkin fluorattujen laahdvtvsnesteiden kanssa kavtettavat p oivoli- ja kompleksir 
esterit 

5 Esilla oleva keksinto koskee patenttivaatimusten 1 , 3, 5 ja 7 johdantojen mukaisia jaahdy- 
tysnestekoostumusta. Tallaiset koostumukset sisaltavat yieensa kloorittoman fluorihiili- 
vetypohjaisen jaahdytysaineen seka siihen sekoittuneen, polyoliesteria sisaltavan voitelu- 
aineen. 

10 Keksinto koskee myos patenttivaatimnksen 16 mukaisia kompleksiestereita seka naiden 
kayttoa voiteluaineissa. 

Poiyoliesterityyppisten voiteliiaineiden kehitys on viime aikoina ollut nopeaa, mika johtuu 
useilla sovellusalueilla tapahtuvasta kehityksesta, Naita tuotteita voidaan kayttaa sellaise- 
1 5 naan perusvoiteluaineena esimerkiksi lentokone- ja kaasuturbiinimoottoreissa tai seoksena 
hiilivetypohjaisten voiteluaineiden kanssa, biohajoavina hydraulioljyina, kompressorioljyi- 
na, metallien tyosto-oljyina seka erityisesti fluorattujen jaahdytysnesteiden kanssa liuokoi- 
sena voiteluainekomponenttina jaahdytyskompressoreissa niiden suotuisien liuokoisuus 
ominaisuuksien ja hyvan teknisen stabiilisuuden johdosta. 

20 

Jaahdytysnesteiden kanssa on ehdotettu kaytettavaksi yleisesti nun. neopentyyligiykolin ja 
pentaerytritolin estereita. Vaikka nailla tunnetuilla estereilla on periaatteessa hyvat voitelu- 
aine ominaisuudet, niiden liuokoisuus kloorittomaan fluorihiilivetyihin on useinuniten vain 
tyydyttava. Tasta syysta ne kaikki eivat toimi riittavan hyvin juuri fluorattujen hiilivetyja 
25 sisaltavissa jaahdytysnestekoostumuksista. 

Esilla olevan keksinnnon tarkoituksena on poistaa tunnettuihin ratkaisuihin liittyvat epa- 
kohdat ja saada aikaan uudenlaisia polyoli- ja kompleksiestereita, joita voidaan kayttaa 
etenkin fluorattujen jaahdytysnesteiden kanssa voiteluaineina. Keksmnon tarkoituksena on 
30 edelleen saada aikaan uudenlaisia estereita, jotka soveltuvat yleisesti voiteluaineiden perus- 
oljyiksi. 

Keksinto perustuu siihen havaintoon, etta 3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi- 
2,2-dimetyylipropionaatti eli hydroksipivalyylihydroksipivalaatin polyoli- tai kompieksies- 
35 terit, joilla on hyvat voiteluaineominaisuudet, liukenevat myos hyvin tai erittain hyvin 

fluorattuihin jaahdytysnesteisiin ja ne soveltuvat siksi kSytettaviksi tallaisia jaahdytysnes- 
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2 

teita sisaltavissa jaahdytysaineseoksissa. Etenkin voiteluaineina kaytetaan polyoliestereita, 
joissa polyoli on HPHP (hydroksipivalyylihydroksipivalaatti) joko sellaisenaan tai yhdessa 
toisen polyolin, kuten NPG:n, BEPD:n, ETHD:n, TMP:n, TME:n tai PE:n kanssa ja kar- 
boksyylihappo on C5 - Cig lineaarinen tai haaroittunut monokarboksyylihappo tai hydroksi- 
5 happo, kuten hydroksipivaiiinihappo tai mono- ja dikarboksyylihappojen, kuten adipiini- 
hapon, sebasiinihapon, atseiaiinihapon, dimetyylimaionihapon tai syklisten anhydridien 
seos. 

Tasmallisemmin sanottuna keksinnon mukaiseile jaahdytysainekoostumukselie on paa- 
10 asialiisesti tunnusomaista se, mika on esitetty patenttivaatimusten 1, 3, 5 ja 7 tunnusmerk- 
kiosissa. 

HPHP:n kompieksiesterit ovat uusia ja kayttokelpoisia voiteiuoljyjen perusoljyja. Uusille 
estereille on tunnusomaista se, mika on esitetty patenttivaatimuksen 16 txannusmerkkiosas- 
15 sa. 

Keksinnon avulla saavutetaan huomattavia etuja. Niinpa, kuten edella todettiin, HPHP:n 
estereilla on hyvat voiteluaineominaisuudet seka hyva liukoisuus jaahdytysnestieina kaytet- 
tyihin HFC-yhdisteisiin. Oljyjen perusraaka-aineet voidaan tuottaa taloudellisesti eduUisei- 

20 la okso-prosessilla (hydroformulointi). Oljyjen ominaisuuksia voidaan helposti modifioida 
kayttokohteen mukaan vaihtelemaila joko esterien polyolien suhdetta (HPHP:n maara voi 
oUa 100-5 mol-% polyolin kokonaismaarasta), esteroitavaa karboksyylihappoa ja/tai 
esteroivien karboksyylihappojen keskinaista suhdetta. Kayttamalla haaroittuneita hiiiivety- 
ja voidaan liuokoisuutta parantaa ja kayttamalla kaksiarvoisia happoja voidaan viskositeet- 

25 tia nostaa, 

Keksintoa ryhdytaan seuraavassa lahemmin tarkastelemaan yksityiskohtaisen selostuksen 
ja muutaman sovellusesimerkin avulla. 

30 Esilla olevat esterit kasittavat 3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi-2,2-dimetyyli- 
propionaatin polyoli- ja kompieksiesterit. "Polyoliestereilla" tarkoitetaan talloin mm. 
estereita, joiden karboksyyliryhma on yksiarvoinen happo tai taman anhydridi. Tassa 
keksinnossa "polyoliesteri" -kasite kattaa yleisessa muodossaan myos "kompieksiesterit", 
jotka ovat estereita, joissa ainakin osa esteroivista karboksyylihapoista on kaksiarvoisia, 

35 Tavallisesti naiden happojen molemmat karboksyyliryhmat reagoivat alkoholien kanssei, 
jolloin saadaan oligomeerisia esteriyhdisteita, jotka sisaltavat kaksi alkoholitahdetta ja . 
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yhden karboksyylihappotahteen. Kompleksiestereihin luetaan myos ne esterit, joiden kar- 
boksyylihappotahteen muodostaa hydroksihapot, joissa on lasna seka hydroksyyliryhma 
etta karboksyyli-happoryhma. Karboksyyliryhma reagoi talloin esim. polyolin kanssa ja 
hydroksyyliryhma toisen karboksyylihapon karboksyyliryhman kanssa. 

5 

"Polyoli" tarkoittaa yhdistetta, jossa on ainakin kaksi hydroksyyliryhmaa. Keksinnon 
mukaan HPHP voidaan esteroida sellaisenaan (eli voidaan tuottaa polyoliesteri yhdessa 
jonkin toisen polyolin kanssa, joista esimerkkeina voidaan mainita NPG (neopentyyligly- 
koli), BEPD (2-butyyli-2-etyyli-l,3-propaani-dioli), ETHD (2-etyyli-l,3-heksaanidioli), 
10 TMP (trimetylolipropaani), TME (trimetyloli-etaani), PE (pentaerytritoli), TMPD (2,2,4- 
trimetylpentadioli) ja CHDM (1,4-dimetyloli-sykioheksaani). Naista polyoleista kemialli- 
sesti ja teknisesti stabiilit polyolit, joiden 2-hiilessa ei ole vetya tai jotka ovat (steerisesti) 
vahvasti estyneita, kuten NPG, ETHD, CHDM ja BEPD, ovat erityisen eduUisia. 

1 5 Edullisesti polyoliesterien seokset muodostetaan sekoittamalla polyolit keskenaan ja este- 
roimalla nain saatu seos in situ, 

Keksinnon ensimmaisen eduUisen sovellutusmuodon mukaan saadaan aikaan jaahdy- 
tysaineseos, joka sisaltaa polyoliesteria, joka kokonaan tai lahes kokonaan (yli 95 mooli-%, 
20 jopa 100 %) koostuu HPHPrn esterista. 

Keksinnon toisen edullisen sovellutusmuodon mukaan saadaan aikaan jaahdytysaineseos, 
joka sisaltaa HPHPin polyoliesterin lisaksi ainakin TMP:n, TME:n, PE:n tai TMPD:n 
esterin missa vain halutussa suhteessa. Edullisesti HPHP muodostaa kuitenkin esteriseok- 
25 sen polyolitahteen paaosan, eli sen mooliosuus on 50 % - 100 %, 

Keksinnon kolmannen edullisen sovellutusmuodon mukaan saadaan aikaan jaahdy- 
tysaineseos, joka sisaltaa HPHP:n polyoliesteri lisaksi BEPD:n polyoliesterin, joUoin 
BEPD:n ja HPHPin moolisuhde on 5:95 - 99:1. 

30 

Keksinnon neljannen edullisen sovellutusmuodon mukaan saadaan aikaan jaahdy- 
tysaineseos, joka sisaltaa HPHP:n polyoliesteri lisaksi NPG:n, ETHD:n tai CHDMfn poly- 
oliesterin. ja BEPD, ovat erityisen edullisia. 



35 HPHP tai HPHP:nja jonkin toisen polyolin seos esteroidaan lineaarisella tai haaroittuneel- 
la C4-C,8 karboksyylihapolla tai taman anhydridilla, Esimerkkeina alifaattisista, lineaarisis- 



4 
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ta tai haaroittuneista, tyydytetyista tai tyydyttamattomista C4-Ci8-karbok:syylihapoista, joita 
voidaan kayttaa HPHPrn esterien valmistukseen voidaan mainita seuraavat: 

I tyydytetyt, lineaariset C4-C,8-karboksyyIihapot, butaanihappo (voihappo), pen- 
5 taanihappo (valeriaanahappo), heksaanihappo (kapronihappo), heptaanihappo, 

oktaanihappo (kapryylihappo), nonaanihappo (pelargonihappo), dekaanihappo 
(kapriinihappo), dodekaanihappo (lauriinihappo) ja heksadekaanihappo (palmi- 
tiinihappo) seka naiden seokset, 

II tyydytetyt, haaroittuneet C4-Ci6-karboksyylihapot: 2-etyyliheksaanihappo, iso- 
10 nonaanihappo ja 3,5,5-trimetyyliheksaanihappo; 

III tyydyttamattomat, lineaariset C4-C,8-karboksyylihapot: 3-buteenihappo (vinyy- 
lietikkahappo); 

IV tyydyttamattomat, haaroittuneet C4-C,8-karboksyylihapot. 

1 5 Sekaestereissa eri lineaaristen ja haaroittnneiden karboksyylihappojen suhteet voivat vaih- 
della laajalia alueella. Tyypillisesti lineaarista (lineaarisia) karboksyylihappoja on 1-100 
mol-% karboksyylihappojen maarasta, edullisesti noin 10 - 90 moi-%. Haaroittumeita 
karboksyylihappoja on vastaavasti 99 - 1 mol-%, edullisesti noin 90-10 mol-%. Etenkin 
on mahdoUista valmistaa polyoliestereita, jotka sisaltavat 10-50 mol-% ainakin yhta 

20 lineaarista karboksyylihappoa ja 90 - 50 mol-% haaroittunutta karboksyylihappoa. 

Valmistettaessa HPHP:n polyoliestereita valitaan sopivimman esteroiviksi karboksyyliha- 
poiksi 4-14 hiiliatomia sisaltavat lineaariset tai haaroittuneet hapot, joista esimerkkina 
voidaan mainita pentaani-, heksaani-, heptaani-, oktaani-, 2-etyyliheksaani- ja lauriini- 
25 happo. 

Esteroivista hydroksihapoista voidaan mainita seuraavat: hydroksipivaalihappo (HPAA), 
maitohappo, sitruimahappo ja dimetyloiipropionihappo (DMPA). 

30 Edellisten lisaksi esteroivana karboksyylihappona voidaan kayttaa kaksiemaksista kar- 
boksyylihappoa, kuten oksaalihappo, malonihappo, dimetyylimalonihappo, meripihka- 
happo, glutaarihappo, adipiinihappo, sebasiinihappo, pimeliinihappo, suberiinihappo tai 
atselaiinihappo. Voidaan myos kayttaa syklista anhydridia, kuten meripihkahappoanhydri- 
dia tai sen alkyylijohdannaisesta, tai trimellitiinianhydridista. Myos aromaattiset anhydri- 

35 dit, kuten ftaalihappoanhydridi, ovat pienissa maarissa mahdoUisia. 



PCT~!98/00329 



5 

Polyolien esterointiaste on 50 - 100 %, edullisesti mahdollisimman korkea, ainakin noin 90 
%. Kompleksiestereissa yksi- ja kaksiemaksisten karboksyyiihappojen suhde on 50:50 - 
95:5; 

HPHP:n tai HPHP:n ja ainakin yhden toisen poiyolin estereista/sekaestereista/kompleksies- 
tereista voidaan vaimistaa jaahdytysnestekoostumuksia. Nama sisaltavat jaahdytysaineena 
kloorittoman fluorihiilivedyn. Esimerkkeina koostumusten hiilivetykomponentista mainit- 
takoon seuraavat: fluorihiilivety 134 (1,1,2,2-tetrafluorietaam), fluorihiilivety 134a, fluori- 
hiilivety 143 (Ul,2-trifluorietaani), fluorihiilivety 143 a (1, 1, 1 -trifluorietaani), fluorihii- 
livety 152 (1,2-difluorietaani) tai fluorihiilivety 152a (1,1-difluorietaani). Naista yhdisteista 
fluorihiilivetya 134a pidetaan yleensa eduUisena. Fluorihiilivetyjen seoksia voidaan myos 
kayttaa. Naista esimerkkeina mainittakoon fluorihiiiivetyseos 407 (hiilivetyjen 32, 125 ja 
134a seos) ja fluorihiiiivetyseos 410 (hiilivetyjen 32 ja 125 seos). 

Kayttokohteen mukaan esterilta vaaditaan ISO-standardin mukainen viskositeetti vaihtelee 
valilla 5 ja 200 cSt (40 °C). Alhaisia (5-10) ja keskisuuria (22 - 32) viskositeetteja tarvi- 
taan esim. jaakaapeissa ja muissa pienehkoissa jaahdytyslaitteissa. Korkean viskositeetin 
(46 - 68) sovelluksia tarvitaan esim. ilmastoinnin jaahdytyslaitteissa. 

Kuten alussa jo todettiin, voidaan valmistettavien estereiden viskositeetti saada halutuksi 
valitsemalla sopivasti esteroivat karboksyylihappokomponentit ja/tai lisaamalla jotain 
toista polyolia HPHP:n sekaan. Niinpa tavanomaisilla lineaarisilla ja haaroittuneilla kar- 
boksyylihapoilla (Cg-C^) saadaan estereita, joiden viskositeetit ovat noin 15-22 cSt 
40 °C:ssa. Viskositeetti-indeksit ovat noin 100 ja jahmepisteet alle ^0 °C. Lisaamalla 
haaroittxmeen karboksyylihapon osuutta saadaan esterien liuokoisuus kasvamaan. Tuomalla 
esterointiin kaksiarvoinen karboksyylihappo ja etenkin kayttamalla sita yhdessa lineaaris- 
ten ja haaroittuneiden happojen kanssa saadaan tuotteen viskositeetti kasvamaan. Kylma- 
ominaisuudet ja hyva liukoisuus sailyvat. Sekoittamalla HPHP jonkin toisen poiyolin 
kanssa ennen esterointia voidaan esterin viskositeettia viela entisesta kasvattaa ilman, etta 
liukoisuus huononee. Viskositeetti nousee talloin jopa korkean viskositeetin alueelle. 

Esimerkkeina erityisen eduilisista estereista voidaan mainita seuraavat: 

I HPHP:n polyoliesterit, jotka sisaltavat 30-60 mol-%:a lineaarista karboksyyiihap- 
poa ja 70-40 mol-%:a haaroittimutta karboksyylihappoa; 

II HPHP:n kompleksiesterit, jotka sialtavat 1-10 mol-%:a kaksiemaksista karbok- 
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syylihappoa ja 90-99 mol-%:a lineaarista ja/tai haaroittunutta yksiarvoista karbok- 
syylihappoa; seka. 

Ill HPHP:n ja NPG:n/BEPD:n kompleksiesterit, jotka sisaltavat 4-30 mol-%:a kaksi- 
emaksista karboksyylihappoa ja 96-70 mol-%:a lineaarista ja/tai haaroittunutta 
5 yksiarvoista karboksyylihappoa (ks. taulukko 4). 

Kuten yila todettiin ovat HPHP:n kompleksiesterit kuten myos HPHP:n ja jonkin toisen 
polyoli seoksen kompleksiesterit ovat jo sellaisinaan uusia tuotteita, joita voidaan kayttaa 
voiteluainekoostumuksissa eri tarkoituksia varten. Esterit toimivat naiden koostumusten 
10 perusoljyina, joUoin koostimiuksissa kaj^etaan tavallisesti lisaainetta (0 - 20 paino-%), 

joiden tehtavana on modifioida koostumuksia niin, etta ne soveltuvat paremmin eri kaytto- 
tarkoituksiin. Niinpa ne soveltuvat jaahdytysnestekoostumusten lisaksi kaikkiin johdannos- 
sa mainittuihin voiteluainesovelluksiin. 

1 5 Esimerkkeina tyypillisista lisaaineista mainittakoon seuraavat: antioksidantit, kulumisenes- 
toaineet, detergentit, vaahdonestoaineet ja korroosionsuoja-aineet. 

Sopivista antioksidanteista voidaan mainita fenolit, kuten 2,6-di-t-butyyli-4-metyylifenoli 
ja 4,4'-metyleeni-bis(2,6-di-t-butyylifenoli); aromaattiset amiinit, kuten p,p-dioktyyIifenyy- 
20 liamini, mono-oktyylidifenyyliamiini, fenotiatsiini, 3,7-dioktyylifenotiatsiini, fenyyli-1- 
naftyyliamiini, fenyyli-2-naftyyliamiini, alkyylifenyyli-I-naftalamiinitja alkyylifenyyli-2- 
naftalamiinit, seka rikkipitoiset yhdisteet, kuten ditiofosfaatit, fosfiitit, sulfidit ja ditiome- 
tallisuolat, kuten bentsotiatsoli, tina-dialkyyliditiofosfaatit ja sinkki-diaryyliditiofosfaatit. 

25 Sopivia kulumisenestoaineista ovat esim. fosfaatit, fosfaattiesterit, fosfiitit, tiofosfiitit, 

kuten sinkki-dialkyyliditiofosfaatit, sinkki-diaryyliditiofosfaatit, trikresyylifosfaatit, kloo- 
ratut vahat, faktisoidut rasvat ja olefiinit, kuten tiodipropionihappoesterit, dialkyylisulfidit, 
dibentsyylisulfidit, dialkyylipolysulfidit, alkyylimerkaptaanit, dibentsentiofeenit ja 2,2*- 
ditiobis(netsotiatsoli); orgaaniset lyijy-yhdisteet, rasvahapot, molybdeenikompleksit, kuten 

30 molybdeenidisulfidi, halogeenisubstituoidut orgaaniset piiyhdisteet, boraatit ja halogeeni- 
substituoidut fosforiyhdisteet. 

Esimerkkeina sopivasta detergenteista mainittakoon sulfonaatit, aromaattiset sulfonihapot, 
jotka on substituoitu alkyyleilla, joilla on pitka ketju, fosfonaatit, tiofosfonaatit, fenolaatit, 
35 alkyyiifenolien metallisuolat seka alkyylisulfidit. 
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Tyypillisia vaahdonestoaineita ovat silikonioljyt, esim. dimetyylipolysiloksaanit, ja or- 
ganosilikaatit, kuten dietyylisilikaatit. 

Korroosionestoaineiden esimerkkeja ovat orgaaniset hapot, amiinit, fosfaatit, alkoholit, 
5 sulfonaatit ja fosfiitit. 

Keksinnon mukaiset esteri valmistetaan tavanomaisella esterointireaktiolla, jossa polyoli 
tai polyolien seos saatetaan reagoimaan hapon, happoanhydridin tai naiden seoksen kanssa. 
Keksinnon kannalta sopivia esterointikatalyytteja ovat erilaiset hapot, kuten rikkihappo, 
10 suolahappo, p-tolueenisulfonihappo, butyylititanaatti, tinaoksidi jne. 

Reaktiovaiheessa polyoli tai polyolien seos saatetaan reagoimaan happokomponenttien 
kanssa kayttamalla happoylimaaraa (0-10 mooli-%), edullisesti noin 0,1-5 mooli-%, erityi- 
sen edullisesti noin 1 mooli-%. Reaktiolampdtila on 150 - 230 ^^C, edullisesti 170 - 220 °C 
15 ja erityisen edullisesti noin 1 90 - 2 1 0 **C. 

Esterointi voidaan suorittaa panos- tai puolipanosreaktiolla esimerkiksi siten, etta loput 
haposta lisataan myohemmin. Tyypillisimmillaan esterointi suoritetaan sulatilassa, mutta 
hiilivetytyyppisen valiaineen, kuten tolueenin tai ksyleenin, kaytto on mahdoUista. Tuote 
20 neutraloidaan joko perinteisia emaksia (NaOH, NaHCOj, Na2C03 jne.) tai orgaanisia 

amiineja kayttamalla j a pestaan, Esteri tuotteen puhtausaste on edullisesti yli 85 %, etenkin 
yli 90 % ja esterin happoluku on sopivimman alle 0, 1 mg KOH/g. 

Seuraavat esimerkit havainnoUistavat keksintoa. Ne eivat kuitenkaan rajoita keksinnon 
25 suojapiiria, 

Esimerkki 1 

Esterien liukoisuuden maaritys 

30 Liukoisuus fluorattuihin hiilivetyihin maaritetaan seuraavasti: 1 ml testattavaa esteria 
mitataan koeputkeen ja suljetaan korkki. Koeputki asetetaan kylmahauteeseen -30 °C:n 
lampotilaan. Kun koeputken ja esterin lampotila on asettunut -30 °C (noin 5 minuutin 
kuluttua), fluorattuajaahdytysainetta, kuten R-134a, lisataan siten, etta seoksen kokonaisti- 
lavuus on 10 ml. 

35 

Esteri-kylmaaineseoksen annetaan seista hauteessa -30 °C:n lampotilassa mahdollisesti 
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valilla kevyesti sekoittaen. Noin 1 5 minuutin kuluttua seosta tarkastellaan silmamaaraisesti 
ja havainnoidaan, onko seos yhdessa vai kahdessa faasissa. Mikali esteri ja jaahdytys 
muodostavat yhden faasin, esteri liukenee taysin jaahdytysaineeseen. Mikali seoksessa on 
kaksi faasia, esteri on joko osittain tai taysin liukenematon jaahdytysaineeseen. 

5 

Esimerkki 2 

HPHP esterien valmistus 

1 0 HPHP esterien vaimistusta on kuvattu seuraavassa kayttamalla HPHP:n ja heptaanihapon 
esteria esimerkkina. 

Raaka-aineet punnittiin lasikoiviin senraavan ohjeen mukaan: HPHP 50 g ja heptaanihappo 
64,4 g. Katalyyttina kaytettiin 0,17 g tinaoksidia. Esterointi suoritettiin sekoittaen sahko- 
1 5 moottorisekoittajalla ja typettaen reaktioseosta noin 210 °C:ssa. Reaktio oli edennyt lop- 
puun 7 tunnissa. 

Tinaoksidi poistettiin tuotteesta suodattamalla. Reaktioseoksesta neutraloitiin happoyli- 
maara 2-5 paino-%:lla trietyyliamiinia. Neutralointi suoritettiin noin 80 °C:ssa ja se kesti 
20 3 tuntia. Reaktioseokseen lisattiin 2-5 p-%:a lamminta vetta ja sekoitettiin varovasti. 

Reaktioseoksessa liuottimena kaytettiin heptaania. Mahdollisesti muodostimut amiinikar- 
boksyylihapon suola tai kompleksi erotettiin. Liuotin ja reagoimaton trietyyliamiini pois- 
tettiin vakuumitislaamalla. Lopputuote suodatettiin. Tulokset on keratty taulukkoon 1 . 

25 Taulukko 1. HPHPin polyoliesteri 



Nayte 


Polyoli 


Hapot 
(mol-%) 




Vtoo 


VI 


JPCQ 


Liukoisuus 
R-134a:han 














-30 "C -50 "C 


1 


HPHP 


Hep- 
taanihappo 
(100) 


11,63 


2,98 


111 




Erin- Erin- 
omainen omainen 



30 
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Esimerkki 3 

HPHP esterien valmistus asyklisista happoanhydrideista 

HPHP esterien valmistusta on kuvattu seuraavassa kayttamalla HPHP:n ja isovoihappoan- 
hydridin esteria esimerkkina. 

Raaka-aineet punnittiin lasikolviin seuraavan ohjeen mukaan: HPHP 17,5 g ja isovoihap- 
poanhydridi 19,36 g. Katalyyttina kaytettiin 0,37 g metaanisuifonihappoa. Esterointi suori- 
tettiin lisaamalla anhydridi ja katalyytti tiputussuppilosta HPHP:n sekaan 2 timnin aikana, 
jonka jalkeen reaktioseosta sekoitettiin noin 150 °C:ssa 2 tiintia. 

Reaktioseoksesta neutraloitiin happoylimaara ja katalyytti pesemalla tuotetta erotussuppi- 
lossa 3 X 25 ml 5 %:lla natriumkarbonaattiliuoksella ja 3 x 25 mhlla vetta. MahdoUisesti 
muodostut karboksyylihapon natriumsuola tai kompleksi erotettiin. Lopuksi tuote kuivat- 
tiin natriumsulfaatilla ja suodatettiin. Muita estereita valmistettiin sopivasti olosuhteita 
muuttamalla. Tulokset on keratty taulukkoon 2. 



Taulukko 2. HPHPrn happoanhydridiesterit 



Nayte 


Polyoli 


Anhydridi 
(mol-%) 


V40 




VI 


Liukoisuus 
R-134a:han 

-30**C -50**C 


2 


HPHP 


Isovoihappoan- 
hydridi 


7,44 


2,14 


82 


Erinomai- 
nen 




3 


HPHP 


2-etyylibu- 
taanihappoan- 
hydridi 


11,84 


2,79 


64 


Erinomai- 
nen 


Erinomai- 
nen 



Esimerkki 4 

HPHP kompleksiesterien valmistus 

HPHP kompleksiesterien valmistusta kuvataan kayttamalla HPHP:n, oktaanihapon ja 
adipiinihapon esteria esimerkkina, 

Raaka-aineet pimnittiin lasikolviin seuraavan ohjeen mukaan: HPHP 100 g, oktaanihappo 
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94,8 g ja adipiinihappo 24,0 g. Katalyyttina kaytettiin 0,328 g tinaoksidia. Esterointi 
suoritettiin sekoittaen ja typettaen reaktioseosta noin 210 °C:ssa. Reaktio oli edennyt 
loppuun 7 tunnissa. 

5 Reaktioseoksesta neutraloitiin happoylimaarat 5 paino-%:lla trietyyliamiinia. Neutraiointi 
suoritettiin noin 80 °C:ssa ja se kesti 3 tuntia. Reaktioseokseen lisattiin 5 p-%:a lamminta 
vetta ja sekoitettiin varovasti. MahdoUisesti muodostut amiinikarboksyylihapon suola tai 
kompleksi erotettiin. Taman jalkeen reaktioseos pestiin laimeaila mineraalihapoila (1 
molaarinen H3PO4) ja sen jalkeen pestiin 1-2 kertaa lampimalla vedella. Lopuksi tuote 
1 0 kuivattiin natriumsuifaatilla ja suodatettiin. Muita kompleksiestereita valmistettiin sopi- 
vasti olosuhteita muuttamalia. Tulokset on keratty taulukkoon 3. 



Taulukko 3. HPHPrn kompleksiesterit 



Nayte 


Polyoli 


Hapot 
(mol-%) 


V40 


Vtoo 


VI 


JP(»C) 


Liukoisuus 

R-134a:han 

-30 "C -50»C 


4 


HPHP 


Cg (80) 


39,8 


7,06 


140 


-51 


Hyva 






AA(20) 












5 


HPHP 


Cg (80) 


50,5 


8,75 


154 


-51 


Erinomai- Erinomai- 






SA (20) 










nen nen 


AA = 


adipiinihappo 


SA = 


sebasiinihappo 




oktaanihappo 



20 

Esimerkki 5 

HPHPin polyoli/kompleksiesterien valmistus 

Esimerkin 4 menetelmaa noudattamalla valmistettiin HPHPrn ja eraiden muiden polyolien 
25 muodostamien seosten kompleksiesterit. Tulokset on esitetty taulukossa 4. 
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Taulukko 4. HPHP:n polyoli/kompleksi esterit 



Nayte 


Polyoli 
(mol-%) 


Hapot 
(mol-%) 


^40 


Vloo 


VI 


JP(°C) 


Liukoisuus 
R-134a:han 

-30 "C -50 °C 


6 


HPHP(60) 


Cg (90) 


19,78 


4,32 


128 


-63 


Tyydyt- 




BEPD (40) 


AA(IO) 










tava 


7 


HPHP (60) 


Cg (80) 


33,20 


6,15 


136 


-54 


Hyva 




BEPD (40) 


AA(20) 
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BEPD = 2-butyyli-2-etyyli-l,3-propaanidioli, NPG = neopentyyliglykoli 



PC TTf 19 8 / 0 0 3 2 9 



12 

Patenttivaatimukset: 

1. Jaahdytysaineseos, joka kasittaa kloorittoman fluorihiiiivetypohjaisen jaahdytysaineen 
seka siihen sekoittuneen, polyoliesteria sisaltavan voiteluaineen, tunnettu siita, etta 

5 polyoliesteri koostuu oleellisesti kokonaan 3-hydroksi-2,2-idimetyylipropyyli-3-hydroksi- 
2,2-dimetyylipropionaatm esterista. 

2. Patenttivaatimuksen 1 mukainen jaahdytysaineseos, tunnettu siita, etta polyolieste- 
ri koostuu yli 95 mooli-%:sesti 3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi-2,2- 

10 dimetyylipropionaatin esterista. 

3. Jaahdytysaineseos, joka kasittaa kloorittoman fluorihiiiivetypohjaisen jaahdytysaineen 
seka siihen sekoittuneen, polyoliesteria sisaltavan voiteluaineen, tunnettu siita, etta 
polyoliesteri kasittaa 3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi-2,2-dimetyylipropio- 

1 5 naatin esterin seka trimetylolipropaanin, trimetylolietaanin, pentaerytritolin tai 2,2,4-tri- 
metyylipentadiolin esterin seoksen. 

4. Patenttivaatimuksen 3 mukainen jaahdytysaineseos, tunnettu siita, etta 3-hydroksi- 
2,2-dimetyylipropyyli-3-hydroksi-2,2-dimetyylipropionaatin mooliosuus on 50 - 100 %. 

20 

5. Jaahdytysaineseos J oka kasittaa kloorittoman fluorihiiiivetypohjaisen jaahdytysaineen 
seka siihen sekoittuneen, polyoliesteria sisaltavan voiteluaineen, tunnettu siita, etta 
polyoliesteri kasittaa 3-hydroksi-2,2-dimetyyIipropyyli-3-hydroksi-2,2-dimetyylipropio- 
naatin esterin ja 2-butyyli-2-etyyli-l,3-propaanidiolin esterin seoksen. 

25 

6. Patenttivaatimuksen 5 mukainen seos, tunnettu siita, etta 2-butyyli-2-etyyli-l ,3- 
propaanidiolinja3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi-2,2-dimetyylipropionaatm 

moolisuhde on 5:95 - 99:1. 

30 7. Jaahdytysaineseos, joka kasittaa kloorittoman fluorihiiiivetypohjaisen jaahdytysaineen 
seka siihen sekoittuneen, polyoliesteria sisaltavan voiteluaineen, tunnettu siita, etta 
polyoliesteri kasittaa 3 -hydroksi-2,2-dimetyy lipropyy li-3 -hydroksi-2,2-dimetyy lipropio- 
naatin esterin j a neopentyyliglykolin, 2-etyyli-l,3-heksaanidiolin tai 1 ,4-dimety lolisyklo- 
heksaanin polyoliesterin seoksen. 

35 

8. Jonkin patenttivaatimuksen 3-7 mukainen jaahdytysaineseos, tunnettu siita, etta 
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polyoliesterien seos on valmistettu in situ. 

9. Jorikin edellisen patenttivaatimuksen mukainen jaahdytysaineseos, tunnettu siita, 
etta polyoliesterin karboksyylihappotahde on peraisin lineaarisesta tai haaroittuneesta C4- 
C,8 karboksyylihaposta tai taman anhydridista, tai se on peraisin iineaaristen tai haaroittu- 
neiden C4-C,8-karboksyylihappojen tai naiden anhydridien seoksesta, 

10. Patenttivaatimuksen 9 mukainen jaahdytysaineseos, tunnettu siita, etta karbok- 
syylihappotahde on peraisin 2-etyyliheksaanihaposta, heptaanihaposta, oktaanihaposta 
ja/tai lauriinihaposta. 

1 1 . Patenttivaatimuksen 1 mukainen jaahdytysaineseos, tunnettu siita, etta esterin 
karboksyylihappotahde on peraisin yksi- ja kaksiemaksisten karboksyyiihappojen seokses- 
ta. 

12. Patenttivaatimuksen 1 1 mukainen jaahdytysaineseos, tunnettu siita, etta yksiar- 
voinen karboksyylihappotahde on peraisin lineaarisista tai haaroittuneista C4-C18- 
karboksyylihapoista, naiden anhydrideista tai seoksista. 

13. Patenttivaatimuksen 1 1 tai 12 mukainen jaahdytysaineseos, tunnettu siita, etta 
kaksi-arvoinen karboksyylihappotahde on peraisin oksaalihaposta, malonihaposta, dime- 
tyylimalonihaposta, meripihkahaposta, glutaarihaposta, adipiinihaposta, sebasiinihaposta, 
pimeliinihaposta, suberiinihaposta tai atselaiinihaposta, tai syklisesta anhydridista kuten 
meripihkahappoanhydridista tai sen aikyyiijohdannaisesta, tai trimellitiinianhydridista. 

14. Jonkin patenttivaatimuksen 11-13 mukainen jaahdytysaineseos, tunnettu siita, 
etta yksi- ja kaksiemaksisten karboksyyiihappojen moolisuhde seoksessa on 50:50 - 95:5. 

15. Jonkin edellisen patenttivaatimuksen mukainen jaahdytysaineseos, tunnettu siita, 
etta fluorattu hiilivetypohjainen-jaahdytysneste on fluorihiilivety 134, fluorihiilivety 134a, 
fluorihiilivety 143, fluorihiilivety 143a, fluorihiilivety 152 tai fluorihiilivety 152a tai 
fluorihiilivetyjen seos. 

1 6. 3-hydroksi-2,2-dimetyylipropyyli-3-hydroksi-2,2-dimetyylipropionaatin kompleksies- 
terit, jotka sisaltavat sen yksi- etta kaksiemaksisten karboksyyiihappojen tahteita. 
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17. Patenttivaatimuksen 16 mukaiset esterit, t u n n e t u t siita, etta esterien yksiarvoiset 
karboksyylihappotahteet ovat peraisin lineaarisista tai haaroittuneista C4-C,8-karboksyyli- 
hapoista, naiden anhydrideista tai seoksista. 



siarvoiset karboksyylihappotahteet ovat peraisin oksaalihaposta, malonihaposta, 
dimetyylimalonihaposta, meripihkahaposta, glutaarihaposta, adipiinihaposta, sebasiiniha- 
posta, pimeliinihaposta, suberiinihaposta tai atselaiinihaposta, tai syklisesta anhydridista, 
kuten meripihkahappoanhydridista tai sen alkyylijohdannaisesta, tai trimellitiinianhydri- 
dista. 

19. Jonkin patenttivaatimuksen 16-18 mukaiset esterit, t u n n e t u t siita, etta yksi- ja 
kaksiemaksisten karboksyylihappotahteiden moolisuhde esterissa on 50:50 - 95:5. 

20. Jonkin patenttivaatimuksen 16-19 mukaiset esterit, t u n n e t u t siita, etta ne ovat 
seoksessa jonkin toisen polyolin esterien ja/tai kompleksiesterien kanssa. 

21 . Patenttivaatimuksen 20 mukaiset esterit, tunnetut siita, etta ne ovat seoksessa 
NPG:n tai BEPD:n esterien ja/tai kompleksiesterien kanssa. 



18. Patenttivaatimuksen 16 tai 17 mukaiset esterit, tunnetut siita, etta esterien kak- 



22. Jonkin patenttivaatimuksen 16-21 mukaisen esterin kaytto voiteluaineiden perusol- 
jyna. 
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(57) Tiivistelma 

Keksinto koskee jaahdytysciineseosta, joka 
kasittaa kloorittoman fluorihiilivetypohjai- 
5 sen jaahdytysaineen seka siihen sekoittu- 

neen, polyoliesteria sisaltavan voiteluaineen. 
Keksinnon mukaan polyoliesteri kasittaa 3- 
hydroksi-2,2-dimetyylipropyyli-3-hydroksi- 
2,2-dimetyylipropionaatin esterin, jonka kar- 

10 boksyylihappotahde on peraisin lineaarisesta 
tai haaroittuneesta C4-C,8-karboksyylihapos- 
ta tai taman anhydridista, tai se on peraisin 
lineaaristen tai haaroittuneiden C4-Cig-kar- 
boksyylihappojen tai naiden anhydridien 

1 5 seoksesta. Keksinto koskee myos uusia 3- 
hydroksi-2,2-dimetyylipropyyli-3-hydroksi- 
2,2-dimetyylipropionaatin kompieksiesterei- 
ta, jotka sisaltavat sen yksi- etta kaksiemak- 
sisten karboksyyiihappojen tahteita. Uusilla 

20 estereilla on hyva liukoisuus fluorihiilivetyi- 
hin ja erinomaiset voiteiuaineominaisuudet 
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The invention concerns a refrigerant composition which comprises a chlorine-free hydrofluorocarbon based refrigerant and, mixed 
with the refrigerant, a lubricant comprising a polyol ester. According to the invention the polyol ester comprises an ester of 3-hy- 
droxy-2,2-dimethylpropyl-3-hydroxy-2,2-^imethylpropionate, the carboxylic acid residue of which is derived from a linear or branched 
C4..-Ci8-carboxylic acid or an anhydride thereof, or it is derived from a mixture of linear or branched C4...Ci8-carboxylic acids or anhydrides 
thereof. The present invention also concerns novel complex ester of 3-hydroxy-2,2-dimethylpropyl-3-hydroxy-2,2-dimethylpropionate, 
which contain residues of mono- or bivalent carboxylic acids. The novel esters exhibit good solubility in fluorinated hydrocarbons and 
excellent lubricating properties. 
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Polyol and complex esters for use with, in particular, fluorinated refrigerants 

The present invention concerns a refrigerant compositions according to the preambles of 
claims 1, 3, 5 and 7. Compositions of this kind generally contain a non-chlorinated 
5 hydrofluorocarbon based refrigerant composition together with a polyol ester based 
lubricant mixed therewith. 

The invention also concerns complex esters according to claim 16 and the use thereof in 
lubricants. 

10 

Lately, as a result of development in many fields of application, the evolution of 
polyolester type lubricants has been rapid. These products can be used as such or mixed 
with another base oil, such as a hydrocarbon, in engine oils for automotives, in aeroplane 
and gas turbine oils, as biodegradable hydraulic oils, as metal working oils and as 
1 5 compressor oils. These products are used in particular together with fluorinated refrigerants 
as a soluble lubricant component in refrigeration compressors due to their advantageous 
solubility properties, good technical stability and good cold properties. 

The use of, e.g., neopentylglycol and pentaerytritol esters together v^th refrigerants has 
20 been generally suggested. Although these known esters in principle exhibit good lubricant 
properties, their solubility in non-chlorinated hydrofluorocarbons is often only fair. For this 
reason they do not work well enough in refrigerant compositions containing fluorinated 
hydrocarbons. 

25 It is an object of the present invention to eliminate the problems of the prior art and to 

provide polyol and complex esters of a novel kind which can be used in particular together 
with fluorinated refrigerant liquids as lubricants. It is another object of the invention to 
provide novel esters which are generally suited to the use as base oils of lubricants. 

30 The present invention is based on the finding that polyol or complex esters of 3-hydroxy- 
2,2-methyl-3-hydroxy-2,2-dimethylpropionate, i.e. hydroxypivalyl hydroxypivalate, which 
have good lubricant properties, also exhibit a good or excellent solubility in fluorinated 
refrigerants and they are therefore suitable for use in refrigerant compositions containing 
this kind of refrigerants. In particular the polyol esters used comprise the polyol HPHP 

35 (hydroxypivalyl hydroxypivalate) as such or together with another polyol, such as NPG, 
BEPD, ETHD, TMP, TME or PE and the carboxylic acid is a linear or branched C5 - C,8 
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monocarboxylic acid or a hydroxy acid, such as hydroxypivalic acid or a mixture of mono- 
and dicarboxylic acids, such as adipic acid, sebasic acid, azeiaic acid, dimethylmaionic acid 
or cyclic anhydrides. 

5 More specifically, the refrigerant composition according to the present invention is mainly 
characterized by what is stated in the characterizing parts of claims 1, 3, 5 and 7. 

Complex esters of HPHP are novel and useful as base oils of lubricant oils. The novel 
esters are characterized by what is stated in the characterizing part of claim 16. 

10 

The present invention provides considerable advantages. Thus, as mentioned above, the 
esters of HPHP have good lubricant properties and good solubility in HFC compounds 
used as refrigerants. The raw materials of said oils can be produced by the economically 
advantageous oxo-process (hydroformulation). The properties of the oils can easily be 
1 5 modified depending on the application by varying the ratio of the polyols of the ester (the 
amount of HPHP can be 100 to 5 mol-% of the total amount of polyol), the esterifying 
carboxylic acid and/or the ratio between the esterifying carboxylic acids. By using 
branched acids the solubility can be improved and by using dibasic acids the viscosity can 
be raised. 

20 

In the follov^ng, the invention will be examined with the aid of a detailed description and 
using a number of working examples. 

The present esters comprise polyol or complex esters of 3 -hydroxy-2,2-methy 1-3 -hydroxy- 
25 2,2-dimethyIpropionate. "Polyol ester" means i.a. esters having a carboxylic group 
comprising a monobasic acid or an anhydride thereof. For the purpose of the present 
invention, the term "polyol ester" comprises generally also "complex esters" which are 
esters in which at least a part of the esterifying acids are dibasic. Usually both carboxylic 
groups of these acids react with an alcohol and yield oligomeric ester compounds, which 
30 contain at least two alkohol residues and one carboxylic acid residue. Complex esters also 
include esters having the carboxylic acid residue formed by a hydroxy acid containing both 
a hydroxyl group and a carboxylic group. The carboxylic group reacts with the polyol, 
whereas the hydroxyl group reacts with the carboxylic group of another carboxylic acid. 

35 "Polyol" stands for a compound with at least two hydroxy groups. According to the present 
invention HPHP can be esterified alone or together with another polyol. These polyols are. 
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e.g., NPG (neopentylglycol), BEPD (2-butyl-2-ethyI-l,3-propanediol), ETHD (2-ethyl-l,3- 
hexanediol), TMP (trimethylol propane), TME (trimethylol ethane), PE (pentaerythritol), 
TMPD (2,2,4-trimethyl-pentanediol) and CHDM (1,4-dimetylol-cyclohexane). Of these 
polyols chemically and technically stable polyols, containing no hydrogen in the carbon in 
5 position 2 or which are (sterically) strongly hindered, such as NPG, ETHD, CHDM and 
BEPD, are particularly preferred. 

Preferably the polyol ester mixtures are formed by mixing the polyols together and by 
esterifying the thus formed mixture in situ, 

10 

According to a first preferred embodiment of the invention, a refrigerant composition is 
provided, comprising a polyol ester which completely or almost completely (95 mol-%, or 
even 100 %) consists of an ester of HPHP. 

1 5 According to a second preferred embodiment of the present invention, a refrigerant 

composition is provided, comprising in addition to a polyol ester of HPHP an ester of 
TMP, TME, PE or TMPD at any ratio. Preferably HPHP forms the main part of the polyol 
residue of the ester mixture, i.e. its molar amount is 50 % - 100 %. 

20 According to a third preferred embodiment of the present invention, a refrigerant 

composition is provided, comprising in addition to a polyol ester of HPHP a polyol ester of 
BEPD, the molar ratio between BEPD and HPHP being 5:95 to 99:1. 

According to a fourth preferred embodiment of the present invention, a refrigerant 
25 composition is provided, comprising in addition to a polyol ester of HPHP a polyol ester of 
NPG, ETHD or CHDM. 

HPHP or a mixture of HPHP and some other polyol is esterified with a linear or branched 
C4 to C,8 carboxylic acid or an anhydride thereof. As specific examples of aliphatic, linear 
30 or branched, saturated or unsaturated C4-C,8-carboxylic acids which can be used for 
preparing the ester, the following can be mentioned: 

I saturated, linear C4-C,8-carboxylic acids: butanoic acid (butyric acid), pentanoic 
acid (valeric acid), hexanoic acid (caproic acid), heptanoic acid, octanoic acid 
35 (caprylic acid), decanoic acid (capric acid), dodecanoic acid (lauric acid) and 

hexadecanoic acid (palmitic acid) and mixtures thereof; 
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II saturated, branched C4-C,6-carboxylic acids: isobutanoic acid, 2-ethylhexanoic 
acid, isononanoic acid and 3,5,5-trimethylhexanoic acid; 

III unsaturated, linear C4-C,8-carboxylic acids: 3-butenoic acid (vinylacetic acid); and 

IV unsaturated, branched C4-C,8-carboxylic acids. 

5 

In the mixed esters the ratios between the various linear and branched carboxylic acids can 
vary within large boundaries. Typically, the linear carboxylic acid(s) is (are) present in 
amounts of 1 to 100 mol-%, preferably about 10 to 90 mol-% of the amount of carboxylic 
acids. Correspondingly, the amount of branched carboxylic acids is 99 to 1 mol-%, 
10 preferably about 90 to 10 mol-%. In particular it is possible to prepare polyolesters, which 
contain 10 to 50 mol-% of at least one linear carboxylic acid and 90 to 50 mol-% of a 
branched carboxylic acid. 

When polyol esters of HPHP are prepared it is preferred to select linear or branched acids 
15 containing 4 to 14 carbon atoms as esterifying carboxylic acid. Octanoic acid, 2- 
ethylhexanoic acid and lauric acid can be mentioned as examples. 

Esterifying hydroxy acids are, e.g., hydroxypivalic acid (HPAA), lactic acid, citric acid 
and dimethylolpropionic acid (DM? A). 

20 

In addition to the afore-mentioned, the esterifying carboxylic acid used can comprise 
dibasic carboxylic acids, such as oxalic acid, malonic acid, dimethylmalonic acid, succinic 
acid, glutaric acid, adipic acid, sebacic acid, pimelic acid, suberic acid and azelaic acid. It 
is also possible to use cyclic anhydrides, such as succinic anhydride or alkyl derivaties 
25 thereof, or trimellitic anhydride. Small amoimts of aromatic anhydrides, such as phthalic 
anhydride are also possible. 

The degree of esterification of the polyols is 50 to 100 %, preferably as high as possible, at 
least about 90 %. In the complex esters the ratio between the mono- and dibasic carboxylic 
30 acids is 50 : 50 to 99 : 1. 

The polyol esters/mixed esters/complex esters of HPHP or HPHP and at least another 
polyol can be used for preparing refrigerant compositions. These contain as a refrigerant 
one or several chlorine-free hydrofluorocarbon(s) (a refrigerant) in which the ester is 
35 dissolved. As specific examples of the refiigerant liquid component of the compositions, 
the following can be mentioned: hydrofluorocarbon 134 (1,1,2,2-tetrafluoroethane), 
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hydrofluorocarbon 134a, hydrofluorocarbon 143 (1,1,2-trifluoroethane), hydrofluorocarbon 
143a (1,1,1-trifluoroethane), hydrofluorocarbon 152 (1,2-difluoroethane) and 
hydrofluorocarbon 152a (1,1-difluoroethane). Of these compounds, hydrofluorocarbon 
134a is generally preferred. Mixtures of hydrofluorocarbons can also be employed. 
5 Examples include hydrofluorocarbon mixture 407 (mixture of hydrocarbons 32, 125 and 
134a) and hydrofluorocarbon mixture 410 (mixture of hydrocarbon 32 and 125). 

Depending on application, the viscosity requirement for the ester is, according to ISO- 
standard, between 5 and 200 cSt (40 °C). Low (5-10) and intermediate (22 - 32) 
10 viscosities are needed for, e.g., refrigerators and other small refrigeration devices. High 
viscosity (46 - 68) compositions are used for, e.g., cooling equipment of air conditioners. 

As already mentioned in the beginning, the viscosity of the prepared esters can be adjusted 
as desired by suitably selecting esterifying carboxylic acid components and/or by adding a 

15 further polyol to the BEPD. Thus, by using conventional linear or branched carboxylic 
acids (C4 - C12) and, e.g., adipic acid, it is possible to prepare esters having viscosities in 
the range of about 15-22 cSt at 40 °C. Their viscosity indeces are about 100 and pour 
points below -40 °C. They are suitable for use in smallish cooling equipment. By 
increasing the amount of a branched carboxylic acid it is possible to increase the solubility 

20 of the esters. By feeding a dibasic carboxylic acid into the esterification reaction and in 
particular by using it together with linear or branched acids, the viscosity of the product 
can be increased. The cold properties and good solubility remain. Mixing HPHP with 
another polyol before esterification makes it possible to increase even further without 
impairing the solubility . The viscosity increase to the range of high viscosity. 

25 

As examples of particularly valuable esters, the following can be mentioned: 

I Polyol esters of HPHP, which contain 30 to 60 % linear carboxylic acid and 70 to 
40 mol-% branched carboxylic acid 
30 II Complex esters of HPHP which contain 1 to 10 mol-% dibasic carboxylic acid 

and 90 to 99 mol-% linear and/or branched monobasic carboxylic acid; and 
III Complex esters of HPHP and NPG/BEPD, which contain 4 to 30 mol-% dibasic 
carboxylic acid and 96 to 70 mol-% linear and/or branched monobasic carboxylic 
acid. 

35 

As mentioned above, the complex esters of HPHP as well as complex esters of HPHP and 
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some other polyol, are already as such novel products which can be used in lubricant 
compositions for different aims. The esters work as base oil of these compositions and 
additives are usually employed in amounts of 0 to 20 wt.-% in the compositions for the 
purpose of modifying the compositions such that they are better suited for various 
5 applications. Thus, the esters are suitable not only for use in refrigerant compositions but 
also for all applications mentioned in the introduction of the specification. 

Conventional additives which can be used in the refrigerant liquid compositions include, 
e.g., the following: antioxidants, antiwear agents, detergents, defoaming agents and 
1 0 corrosion inhibitors. 

Suitable antioxidants include phenols, such as 2,6-di-t-butyl-4-methylphenol and 4,4 - 
methylene-bis(2,6-di-t-butylphenol); aromatic amines, such as p,p-dioctylphenylamine, 
monooctyldiphenylamine, phenothiazine, 3,7-dioctylphenothiazine, phenyl-1- 
1 5 naphthylamine, pheny 1-2-naphthy lamine, alkylpheny 1- 1 -naphthatalamines and alkyl- 
phenyl-2-naphthal-amines, as well as sulphur-containing compounds, e.g. 
dithiophosphates, phosphitest, sulphides and dithio metal salts, such as benzothiazole, tin- 
diaikyldithiophosphates and zinc diaryldithiophosphates. 

20 Suitable antiwear agents include, for example, phosphates, phosphate esters, phosphites, 
thiophosphites, e.g. zinc dialkyl dithiophosphates, zinc diaryldithiophosphates, tricresyl 
phosphates, chlorinated waxes, sulphurised fats and olefins, such as thiodipropionic esters, 
dialkyl sulphides, dialkyl polysulphides, alkyl-mercaptanes, dibenzothiophenes and 2,2*- 
dithiobis(benzothiazole); organic lead compounds, fatty acids, molybdenum complexes, 

25 such as molybdenum disulphide, halogen substituted organosilicon compounds, organic 
silicon compounds, borates and halogen-substituted phosphorus compounds. 

As specific examples of suitable detergents, the following should be mentioned: 
sulphonates, aromatic sulphonic acids, which are substituted with alkyl having a long 
30 chain, phosphonates, thiophosphonates, phonolates, metal salts of alkylphenols, and alkyl 
sulphides. 

Typical defoaming agents include silicon oils, e.g. dimethylpolysilozane and organic 
silicon compounds such as diethyl silicates. 
35 I 

Organic acids, amines, phosphates, alcohols, sulphonates and phosphites are examples of 
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corrosion inhibitors. 

The esters according to the invention are prepared by a conventional esterification reaction 
wherein a polyol or a mixture of polyols is (are) reacted with an acid mixture in the 
5 presence of a catalyst or without a catalyst. Various acids, such as sulphuric acid, hydro- 
chloric acid, p-toluene sulphonic acid, butyl titanate, tinoxide etc., are suitable catalysts for 
carrying out the invention. A particularly advantageous catalyst is tinoxide. 

During the reaction, the polyol is reacted with the acid component by using an equivalent 
10 amount of acid, a deficient amount of acid or a surplus of acid; the excess acid amounts to 
typically a maximum of 10 mol-%, preferably about 0.1 to 5 mol-%, in particular about 1 
mol-%. The reaction temperature is 1 50 to 230 °C, preferably 1 70 to 220 °C and in 
particular about 190 to 210 ''C. 

1 5 The esterification can be carried out as a batch or semibatch process for example by adding 
the remaining acid later on. The most typical embodiment comprises carrying out 
esterification in the melt phase but it is also possible to use a hydrocarbon-type medium, 
such as toluene or xylene. The product is neutralized either with conventional bases 
(NaOH, NaHC03, Na2C03 etc.) or with organic amines and are then washed. The degree of 

20 purification of the ester product is preferably over 85 %, in particular over 90 % and the 
acid number of the ester is preferably below 0.1 mg KOH/g. 

The following examples illustrate the invention. They do not, however, limit the scope of 
the invention. 

25 

Example 1 

Determination of ester solubility 

Solubility in fluorinated hydrocarbons was determined as follows: 1 ml of the studied ester 
30 was put into a test tube which was closed with a stopper. The test tube was placed in a cold 
bath at a temperature of - 30 °C. When the temperature of the test tube and the ester had 
reached -30 "^C (after about 5 minutes), a fluorinated refrigerant, such as R-134a, was 
added to make a total volume of 1 0 ml. 



35 



The ester-refrigerant mixture was allowed to stand in the bath at -30 ®C with possibly a 
light occasional stirring. After about 15 minutes the mixture was visually assessed and it 
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was determined whether the mixture contained one or two phases. If the ester and the 
refrigerant liquid formed one phase, the ester is completely dissolved in the refrigerant 
liquid. If there are two phases present in the mixture, the ester is either partially or 
completely insoluble in the refrigerant liquid. 

5 

Example 2 

Preparation of esters of HPHP 

The preparation of esters of HPHP is described in the following using the esters of HPHP 
1 0 and heptanoic acid as an example. 

The raw materials were weighed into a glass bulb according to the following recipe: HPHP 
50 g and heptanoic acid 64.6 g. The catalyst used comprised 0.17 g tinoxide. The 
esterification was carried out by stirring using a mixer with an electric motor and by 
15 nitrigating the reaction mixture at about 210 °C. The reaction was complete wihin 7 hours. 

Tinoxide was removed by filtration. Excess acid was neutralized from the reaction mixture 
with 2-5 v^-% triethylamine. The neutralization was carried out at 80 °C for 3 hours. 
Warm water (2-5 vA-%) was added to the reaction mixture and it was mixed cautiously. 
20 The solvent of the reaction mixture comprised heptane. Any formed aminocarboxylic acid 
salt or complex was separated. The solvent and the unreacted triethylamine were removed 
by vacuum distillation. The end product was filtered. The results are summarized in Table 
1. 

25 

Table 1. Polyol esters of HPHP 



Sample 


Polyol 


Acids V40 V,oo 


VI 


PPCC) Solubility in 






(mol-%) 




R-134a 










-30 °C -50 "C 


1 


HPHP 


Heptanoic acid 11.63 2.98 


111 


Excellent Excellent 






(100) 







30 
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Example 3 

Preparation f esters of HPHP from acyclic anhydrides 

The preparation of esters of HPHP is illustrated by using the preparation of an ester of 
5 HPHP and isobutyric anhydride as an example. 

The raw materials were weighed into a glass reactor according to the following recipe: 
HPHP 17.5 g and isobutyric anhydride 19.36 g. The catalyst used comprised 0.37 g 
methanesulphonic acid. The esterification was carried out by adding the anhydride and the 
1 0 catalyst from a dropping funnel to the HPHP during 2 hours, and then the reaction mixture 
was stirred at about 1 50 °C for 2 hours. 

Excess acid was neutralized from the reaction mixture and the catalyst was washed in a 
separation funnel with 3 x 25 ml 5 % sodium carbonate solution and 3 x 25 ml water. Any 
15 sodium salt or complex of the carboxylic acid were separated. Finally, the product was 

dried on sodium sulphate and filtered. Other esters were prepared by suitable modification 
of the conditions. The results are summarized in Table 2. 

Table 2. Acid anhydride esters of HPHP 



Sample 


Polyol 


Acids 
(moI-%) 


V40 




VI 


Solubility in 
R-134a 

-30 "C -50 "C 


2 


HPHP 


Isobutyric 
anhydride 


7.44 


2.14 


82 


Excellent 


3 


HPHP 


2-ethylbutanoic 11.84 
anhydride 


2.79 


64 


Excellent Excellent 



25 

Example 4 

Preparation of complex esters of HPHP 

30 

Cmplex esters of HPHP is described using the ester of HPHP, octanoic acid and adipic 
ester as an example. 

The raw materials were weighed into a glass reactor according to the following recipe: 
35 HPHP 100 g, octanoic acid 94.8 g and adipic acid 24.0 g. The catalyst used comprised 
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0.328 g tinoxide. acid: The esterification was carried out by stirring and nitrigating the 
reaction mixture at about 210 °C. The reaction was complete within 7 hours. 

Excess acid was neutralized from the reaction mixture with 5 wt-% triethylamine. The 
5 neutralization was carried out at 80 ""C for 3 hours. Warm water (5 wt-%) was added to the 
reaction mixture and it was mixed cautiously. Any formed aminocarboxylic acid salt or 
complex was separated. The reaction mixture was then washed with a dilute mineral acid 
(1 molar H3PO4) and subsequently 1 to 2 times with warm water. Finally, the product was 
dried on sodium sulphate and filtered. Other esters were prepared by suitable modification 
10 of the conditions. The results are summarized in Table 3. 

Table 3. Complex esters of HPHP 



Sample Polyol 


Acids 
(mol-%) 


V40 




VI 


PP("C) 


Solubility in 
R-134a 

-30 "C -50 "C 


4 HPHP 


Cg (80) 


39.8 


7.06 


140 


-51 


Good 




AA (20) 












5 HPHP 


Cg (80) 


50.5 


8.75 


154 


-51 


Excellent Excellent 




SA (20) 












Aa = adipic acid 


SA = 


sebasic acid 




octanoic acid 



20 

Example 5 

Preparation of polyol/complex esters of HPHP 

25 

Following the process of Example 4 complex esters of mixtures of HPHP and some other 
polyols were prepared. The results are indicated in Table 4. 
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Table 4. Polyol/c mplex esters of HPHP 







(mol-%) 


V 


V 

* 100 


VT 
V I 




ooiuDility m 
R-134a 


6 


HPHP (60) 
BEPD (40) 


Q (90) 
AA(IO) 


19.78 


4.32 


128 


-63 


Fair 


7 


HPHP (60) 
BEPD (40) 


C8(80) 
AA(20) 


33.20 


6.15 


136 


-54 


Good 


8 


HPHP (90) 
BEPD (10) 


C8(90) 
AA(IO) 


21.57 


4.61 


133 


-60 


Excellent Excellent 


9 


HPHP (60) 
NPG (40) 


Cg (80) 
AA(20) 


23.69 


5.06 


147 


-63 


Excellent 


10 


HPHP (90) 
BEPD (10) 


Cg (80) 
AA(20) 


32.83 


6.14 


137 


-60 


Excellent 



BEPD = 2-butyl-2-ethyl-l,3-propanediol, NPG = neopentylglycol 
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Claims: 

1 . Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, charaterized in that the 

5 polyol ester comprises essentially totally an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate. 

2. The refrigerant composition according to claim 1, wherein the polyol ester is to more 
than 95 mol-% constituted by an ester of 3-hydroxy-2,2-dimethyIpropyl-3-hydroxy-2,2- 

1 0 dimethylpropionate. 

3. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 

15 hydroxy-2,2-dimethylpropionate and an ester of trimethylol propane, trimethylol ethane, 
pentaerythritol or 2,2,4-trimethyIpentadiol. 

4. The refrigerant composition according to claim 3, wherein the molar ratio of the 3- 
hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2-dimethylpropionate is 50 to 100 %. 

20 

5. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate and an ester of 2-butyl-2-ethyl-l,3-propanedioL 

25 

6. The refrigerant composition according to claim 5, wherein the molar ratio of the 2-butyl- 
2-ethyl-l,3-propanediol and the 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2- 
dimethylpropionate is 5:95 - 99: L 

30 7. Refrigerant composition comprising a chlorine-free hydrofluorocarbon based refrigerant 
and, mixed therewith, a lubricant containing a polyol ester, characterized in that 
the polyol ester comprises a mixture of an ester of 3-hydroxy-2,2-dimethyl-propyl-3- 
hydroxy-2,2-dimethylpropionate and a polyol ester of neopentylglycol, 2-ethyI-l,3- 
hexanediol or 1 ,4-dimethylol-cyclohexane. 

35 

8. The refrigerant composition according to any of claims 3 to 7, . wherein the polyol ester 
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mixture is prepared in situ, 

9. The refrigerant composition according to any of the preceding claims, wherein 

the carboxylic acid residue of the polyol ester is derived from a linear or branched C4..,C,j 
5 carboxylic acid, or an anhydrides thereof, or it is derived from a mixture of linear or 
branched C4...C,8-carboxylic acids or anhydrides thereof. 

10. The refrigerant composition according to claim 9, wherein the carboxylic acid residue 
is derived from 2-ethylhexanoic acid, heptanoic acid, octanoic acid and/or lauric acid. 

10 

11. The refrigerant composition according to claim 1, wherein the carboxylic acid residue 
of the ester is derived from a mixture of mono- and dibasic carboxylic acids. 

12. The refrigerant composition according to claim 11, wherein the monobasic carboxylic 
15 acid residue is derived from linear or branched C4.,.C,8-carboxylic acids or anhydrides or 

mixtures thereof. 

13. The refrigerant composition according to claim 1 1 or claim 12, wherein the dibasic 
carboxylic acid residue is derived from oxalic acid, malonic acid, dimethylmalonic acid, 

20 succinic acid, glutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic 
acid, or a cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or 
trimellitic anhydride. 

14. The refrigerant composition according to any of claims 11 to 13, wherein the molar 
25 ratio between the mono- and dibasic carboxylic acids is 50:50 to 95:5. 

15. The refrigerant composition according to any of the preceding claims, wherein the 
fluorinated hydrocarbon based refrigerant is hydrofluorocarbon 134, hydrofluorocarbon 
134a, hydrofluorocarbon 143, hydrofluorocarbon 143a, hydrofluorocarbon 152 or 

30 hydrofluorocarbon 1 52a or a mixture of hydrofluorocarbons. 

16. Complex esters of 3-hydroxy-2,2-dimethyl-propyl-3-hydroxy-2,2-dimethylpropionate 
which contain residues of both mono- and dib£Lsic carboxylic acids. 

35 17. The complex esters according to claim 16, wherein the monobasic carboxylic acid 
residues are derived from linear or branched C4...C,8-carboxylic acids or anhydrides or 
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mixtures thereof. 

18. The complex esters according to claim 16 or claim 17, wherein the dibasic carboxylic 
acid residues are derived from oxalic acid, malonic acid, dimethyl malonic acid, succinic 

5 acid, glutaric acid, adipic acid, sebasic acid, pimelic acid, suberic acid or azelaic acid, or a 
cyclic anhydride such as succinic anhydride or an alkyl derivative thereof, or trimellitic 
anhydride. 

19. The complex esters according to any of claims 16 to 18, wherein the molar ratio 
10 between the mono- and dibasic carboxylic acid residues in the ester is 50:50 to 95:5. 

20. The complex esters according to any of claims 16 to 19, which are mixed with esters 
and/or complex esters of another polyol. 

15 2L The complex esters according to claim 20, wherein the esters are in a mixture of esters 
and/or complex esters of NPG or BEPD. 

22. The use of an ester according to any of claims 1 6 to 21 as base oils for lubricants. 
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